Recovery of physical activity levels in adolescents after lower limb fractures: a longitudinal, accelerometry-based activity monitor study by Dimitri Ceroni et al.
Ceroni et al. BMC Musculoskeletal Disorders 2012, 13:131
http://www.biomedcentral.com/1471-2474/13/131RESEARCH ARTICLE Open AccessRecovery of physical activity levels in adolescents
after lower limb fractures: a longitudinal,
accelerometry-based activity monitor study
Dimitri Ceroni1*, Xavier Martin1, Léopold Lamah1, Cécile Delhumeau2, Nathalie Farpour-Lambert3,
Geraldo De Coulon1 and Victor Dubois Ferrière1Abstract
Background: In adolescents, loss of bone mineral mass usually occurs during phases of reduced physical activity
(PA), such as when an injured extremity spends several weeks in a cast. We recorded the PA of adolescents with
lower limb fractures during the cast immobilization, at 6 and at 18 months after the fracture, and we compared
these values with those of healthy controls.
Methods: Fifty adolescents with a first episode of limb fracture and a control group of 50 healthy cases were
recruited for the study through an advertisement placed at the University Children’s Hospital of Geneva,
Switzerland. PA was assessed during cast immobilization and at 6- and 18-month follow-up by accelerometer
measurement (ActigraphW 7164, MTI, Fort Walton Beach, FL, USA). Patients and their healthy peers were matched
for gender and age. Time spent in PA at each level of intensity was determined for each participant and expressed
in minutes and as a percentage of total valid time.
Results: From the 50 initial teenagers with fractures, 44 sustained functional evaluations at 6 months follow-up,
whereas only 38 patients were studied at 18 months. The total PA count (total number of counts/min) was lower in
patients with lower limb fractures (-62.4%) compared with healthy controls (p<0.0001) during cast immobilization.
Similarly, time spent in moderate-to-vigorous PA was lower by 76.6% (p<0.0001), and vigorous PA was reduced by
84.4% (p<0.0001) in patients with cast immobilization for lower limb injuries compared to healthy controls values.
At 6 and 18 months after the fracture, the mean PA level of injured adolescents was comparable to those of
healthy teenagers (-2.3%, and -1.8%, respectively).
Importantly, we observed that time spent in vigorous PA, which reflects high-intensity forces beneficial to skeletal
health, returned to similar values between both groups from the six month follow-up in adolescents who sustained
a fracture. However, a definitive reduction in time spent in moderate PA was observed among patients with a
lower limb fracture at 18 months, when comparing with healthy controls values (p= 0.0174).
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Conclusions: As cast immobilization and reduced PA are known to induce bone mineral loss, this study provides
important information to quantify the decrease of skeletal loading in adolescents with limb fractures. The results of
this study demonstrate that the amount of skeletal loading returns to normal values in adolescents with lower
limb fractures after bone healing and is probably linked to an overall better pattern of functional recovery among
this age group. When comparing both populations of adolescents, a definitive decrease in time spent in
moderate-to-vigorous PA was observed among patients with a lower limb fracture at 18 months and may suggest
a modification of lifestyle. The high rate of missing data (26.5%) due to above all non compliance with monitor
wearing among teenagers complicates the data analysis, and requires a more cautious interpretation of the results.
Future studies using accelerometer to monitor PA in adolescents should therefore include strategies for improving
the rate of adherence and minimizing the ratio of missing data.
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Physical activity is essential for bone remodeling. The
skeleton needs continuous physical stimulation to main-
tain healthy bones, otherwise bone loss ensues [1]. In
childhood, exercise exerts a positive effect on bone
growth, especially if the activity has been initiated before
puberty or in the early pubertal period [2]. Bone mineral
mass is higher in children who are physically active than
in those who are mildly active [3], and higher in children
who participate in activities that generate high impact
forces than in those who engage in activities that impart
lower impact forces [4-6]. Studies have shown that high-
intensity forces, especially when imposed during early
childhood, produce greater gains in bone mass than low-
to moderate-intensity forces [7-11]. Based on this evi-
dence, it is now recommended that physical activity for
children include activities generating relatively high
ground-reaction forces, such as jumping, skipping, run-
ning, and possibly strengthening exercises [12].
It is also recognized that lack of normal stress to the
bone can result to osteopenia [13-15], the physiological
response of the bone to disuse. Osteopenia has been
defined in a pathogenic manner as an uncoupling in the
bone remodeling in which resorption exceeds formation
resulting in a net loss of bone [16]. In children and ado-
lescents, loss of bone mineral mass usually occurs dur-
ing phases of reduced PA, such as when an injured
extremity spends several weeks in a cast[17]. In a previ-
ous study, we demonstrated that there was a significant
reduction of the PA level among subjects with lower
limb fractures during cast immobilization [18].
Using total activity measurement, subjects with lower
limb fractures were considerably less active (-62.4%) than
healthy fracture-free controls [18], and above all, the time
spent in vigorous PA, which reflects high-intensity forces
beneficial to skeletal health, demonstrated an 84.4% de-
crease in adolescents with lower limb fractures [18].
However, once the injury has healed and normal stresses
are restored to the extremity, the bone stock recovers toa large extent, although the period of recovery is several
times longer than the period of bone loss, and the degree
of recovery shows wide individual variation [19].
If a full recovery from post-traumatic osteopenia
seems not possible in adults [20-22], it is expected in
children and in adolescents [2,23,24]. In this regard, the
pattern of better bone recovery in young patients is
probably linked to a better pattern of functional recovery
among this age group. Clinical experience shows that
children and adolescents demonstrate a faster functional
rehabilitation than adults in daily life. The major compo-
nents explaining this phenomenon include probably bet-
ter flexibility, muscle strength, muscular balance, agility,
and functional coordination. All these parameters im-
prove body controls among adolescents and help to
achieve a full return to their pre-injury level by acceler-
ating the mechanical loading of the skeleton [25].
To the best of our knowledge, measurement of PA
levels by accelerometry has never been explored among
adolescents after bone healing of lower limb fractures to
corroborate this assumption. The purpose of this study
was thus to elucidate whether PA levels normalize after
bone healing in this population.
Methods
Participants
We conducted a longitudinal matched case–control
study between January 2005 and December 2008 includ-
ing 50 adolescents with a lower limb fracture and 50
healthy paired controls (no past history of fracture) aged
10 to 16 years. Injured adolescents and healthy controls
were recruited for the study through an advertisement
placed at the Children’s Hospital of the University of
Geneva Hospitals, Geneva, Switzerland. Injured adoles-
cents were selected if they were admitted to hospital as
inpatients for orthopedic reduction or minimal invasive
surgery (closed reduction and stabilization by percutan-
eous wires or screws) of their fracture under general
anesthesia. Patients who required an open reduction of
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for inclusion. Participants were required to wear a long
cast and be non-weight-bearing during the initial healing
phase, and agree to be followed up at the orthopedic
clinic during the whole duration of the study (from frac-
ture time until 18 months follow-up). Exclusion criteria
for both injured adolescents and healthy controls were:
prior history of bone fractures; chronic disease; congeni-
tal or acquired bone disease; any condition limiting
physical activity; and hospitalization for more than
2 weeks in the previous 12 months. All participants and
their parents provided written consent and the protocol
was approved by the institutional ethics committee
(protocol # 04-057, ped 04-002).
Anthropometric measurements
Standing height was measured in bare or stocking feet
using a precision mechanical stadiometer (Holtain Ltd,
Dyfed, UK), and body weight by a mechanical SecaW
calibrated beam scale (Seca, Reinach, Switzerland). Body
mass index (BMI) was calculated as weight in kilograms
(kg) divided by height in meters squared (m2).
Physical activity measurement
PA was measured during the cast immobilization, and
thereafter 6- and 18 months after the fracture. Objective
measures of PA were obtained using an uniaxial acceler-
ometer (ActigraphW 7164, MTI, Fort Walton Beach, FL,
USA). The monitor was set on a 1 min cycle; at the end
of each run, the sum was stored in the memory and the
numerical integrator reset. Monitors were attached
above the iliac crest of the right hip with an elastic belt
and adjustable buckle, and were oriented vertically in
the same direction. Accelerometers were programmed to
start recording at 8 am on the first day of measurement
and participants were asked to wear them continuously
for 10 days. Recordings of physical activity started on
Monday, Tuesday, or Wednesday to ensure measure-
ment of two weekend days. Data collection was con-
ducted during all seasons. As we did not have criteria
defining the normal physical activity in adolescents, data
emanating of matched healthy controls (matching for
age and gender) were regarded as the normative values.
PA data interpretation
Data reduction was based on criteria applied in previous
publications [26-29]. Only periods between 8 am and
9 pm were analysed. Zero activity periods of 20 min or
longer were interpreted as being due to unworn acceler-
ometers and were removed from the activity totals [30].
Participants who did not manage to record more than
600 min d-1 of activity [27,29,31-33] for at least 5 days
were excluded from further analysis [34]. Data were
expressed as total activity counts per registered time(counts.min-1) to generate an average range of PA. We
used the cut-offs of intensity levels described by Ekelund
where sedentary behaviour was defined as less than 500
counts.min-1, light PA from 500 to 1999 counts.min-1,
moderate PA from 2000 to 2999 count.min-1, and vigor-
ous PA as> 3000 counts.min-1 [28]. Time spent at each
PA intensity category was also determined for all partici-
pants as a percentage of total valid time.
Statistical methods
Pairs were matched for age (+/- 6 months) and for gen-
der (male/female). Data are expressed as mean ± (SD). A
paired Student’s t test with an alpha threshold of 5% was
used to analyze the variability of matching characteristics
(age and gender) for cases and healthy controls. A Sha-
piro Wilk test with an alpha threshold of 5% was used to
test the normality of PA variables. As these variables did
not have a normal distribution, a paired Wilcoxon test
with an alpha threshold of 5% was used to assess differ-
ences of PA levels between cases and healthy controls.
We decided not to use imputation of the missing values,
if the rate of missing data was superior to 10% of the
values, since we considered that excluding rows prevents
any error from being introduced due to the missing
values. Data analyses were performed using STATA 9.2
(StataCorp LP, Texas, USA).
Results
During cast immobilization
Fourteen children with lower limb fractures were ex-
cluded either for failing to reach at least 5 days of mea-
surement or for instrument malfunction. Thirty for
patients with lower limb fractures were able to be
matched with 34 healthy controls. Age, physical char-
acteristics, and PA levels of those with fractures and
healthy controls are presented in Table 1. There was no
statistical difference between groups for age, height,
weight, BMI, or daily duration of PA monitoring. As
expected, cases with lower limb fractures showed not-
able reductions in PA levels and spent more time in sed-
entary activities. The total PA count (number of counts/
min) was significantly lower in those with lower limb
fractures (-62.4%) compared with healthy controls. When
considering time spent in moderate-to-vigorous PA, we
observed lower levels in lower limb (-76.6%) fracture
groups compared to matched healthy controls. Finally,
there was a significant reduction of vigorous PA in the
injured group compared to healthy controls (-84.4%). All
these data are similar to those allready published in an
anterior paper about the subject [18].
At 6 months follow-up
Forty-four injured adolescents and their matched peer
controls underwent accelerometermeasurement 6months
Table 1 Characteristics and Physical Activity Measures of Adolescents with Lower Limb Fractures during Cast
Immobilization vs Healthy Controls
Injured adolescents Healthy controls p value
(n = 34) (n = 34)
Age (yr) 13.6 ± 1.6 13.3 ± 1.6 0.2312
Height (cm) 161.9 ± 11.1 162 ± 12.9 0.9501
Weight (kg) 52.1 ± 11.8 51.8 ± 11.8 0.8128
BMI (kg/m2) 19.7 ± 2.5 19.5 ± 2.5 0.2614
Number of valid monitored days (days) 9.1 +/- 1.8 8.2 +/-2 0.0276*
Daily duration of physical activity monitoring (min) 746.7 ± 22.9 749.3 ± 33.3 0.8241
Total activity (counts/min.day) 200.9 ± 92.3 534.5 ± 207.3 <0.0001*
Time spent in sedentary activity (min/day) 664.4 +/- 40.9 564.3 +/- 64.4 <0.0001*
(% of total daily wearing time) 89 75.3
Time spent in light activity (min/day) 68.4 +/- 26.4 125.7 +/- 40.1 <0.0001*
(% of total daily wearing time) 9.2 16.8
Time spent in moderate (min/day) 8.9 +/- 7.2 27.5 +/- 11.4 <0.0001*
(% of total daily wearing time) 1.2 3.7
Time spent in vigorous activity (min/day) 5 +/- 6.8 31.8 +/- 18 <0.0001*
(% of total daily wearing time) 0.6 4.2
Time spent in moderate to vigorous activity (min/day) 13.9 +/- 13.4 59.4 +/- 28.4 <0.0001*
The results are expressed as mean ± SD. *: statistically significant difference (please always place at foot of table).
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ther for failing to reach at least 5 days of measurement
or instrument malfunction. Finally, 32 adolescents with
lower limb fractures and their matched peer healthy
controls were included in the study. Age, physical char-
acteristics, and PA levels of adolescents with fractures
and healthy controls are shown in Table 2. There was no
statistical difference between groups for age, height,
weight, BMI, daily duration of PA monitoring, or mean
number of valid monitored days. Adolescents with lower
limb fractures demonstrated same PA level as healthy
controls. However, patients with lower limb fractures
demonstrated less time spent in moderate PA (-23.3%,
p= 0.0174). We did not note any significant difference
between injured adolescents and healthy controls for
time spent in vigorous PA. Similarly, there was no sig-
nificant difference between both groups for time spent
in activities of moderate-to-vigorous intensity, and the
time spent in these activities (59.1 min per day) reached
the international guidelines’ recommendations for school-
age children (at least 60 min of moderate-to-vigorous in-
tensity activity daily [35].At 18 month follow-up
Thirty-eight injured adolescents and their matched peer
controls were reviewed at 18 months’ follow-up, and
pairing was possible with healthy controls in 20 cases
due to data reduction and pair-matching procedures
and, above all, to a higher rate of patients refusing to
wear the accelerometer. Age, physical characteristics,and PA levels of cases with fractures and healthy con-
trols are shown in Table 3. There was no statistical dif-
ference between groups for age, daily duration of PA
monitoring, or the mean number of valid monitored
days, but those who had sustained a lower limb fracture
had a significantly higher BMI (p= 0.0012). Adolescents
with lower limb fractures demonstrated same PA level as
healthy controls. As previously, those with lower limb
fractures still demonstrated a residual significant reduc-
tion of time spent in moderate PA (-30.5%; p= 0.0086)
compared to the values of healthy teenagers. In addition,
time spent in activities of moderate-to-vigorous intensity
was significantly less than 60 min (51 min), thus no
longer reaching the international guidelines’ recomman-
dations for school-age children [35]. However, we ob-
served that there was no significant difference between
injured adolescents and healthy controls for time spent
in vigorous PA.Discussion
Most skeletal fractures involving the lower limb are trea-
ted non-operatively with cast immobilization and rep-
resent therefore a frequent cause of reduction of the PA
level in healthy children and adolescents. The most pre-
dictable consequences of cast immobilization and sub-
sequent weight-bearing restriction are loss of bone
mineral tissue, substantial muscle atrophy, and corre-
sponding functional limitations. A full recovery from post-
traumatic osteopenia is expected in children and in adoles-
cents (personnal data submitted for publication), and this
Table 2 Characteristics and physical activity measures of teenagers with a 6-month past history of lower limb fractures
vs healthy controls
Injured teenagers Healthy controls p value*
(n = 32) (n = 32)
Age (y) 13.6 ± 1.5 13.5 ± 1.6 0.4547
Height (cm) 161.0 ± 10.9 162.6 ± 12.6 0.3883
Weight (kg) 52.4 ± 9.3 53.5 ± 10.8 0.3698
BMI (kg.m-2) 20.1 ± 1.9 20.1 ± 2.6 0.9556
Number of valid monitored days 7.9 +/- 2.3 7.7 +/- 2.1 0.7905
Daily duration of the physical activity monitoring (min) 745.4 ± 32.4 746.4 ± 35.8 0.9989
Total activity (counts.min-1.d-1) 556 ± 266.9 569.2 ± 219.7 0.7366
Sedentary activity (min/day) (%) 563.4 +/- 57.7 554.4 +/- 69.2 0.7548
75.6 74.3
Light activity (min/day) (%) 122.8 +/- 38.1 127.1 +/- 42.9 0.6654
16.5 17
Moderate (min/day) (%) 23.2 +/- 10 30.2 +/- 13.8 0.0174*
3.1 4.1
Vigorous activity (min/day) (%) 35.9 +/- 19.5 34.7 +/- 18.5 0.7731
4.8 4.6
Time spent in moderate to vigorous activity (min.day-1) 59.1 ± 37.2 64.9 ± 30.9 0.3366
The results are expressed as mean ± SD. *: statistically significant difference [please always place at foot of table].
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and faster weight bearing observed among these age
groups. Nevertheless, there are currently no data to prove
that physical activity levels really normalize among chil-
dren and teenagers who sustain a lower limb fracture. To
the best of our knowledge, this is thus the first study to re-
port PA measures in a representative sample of an adoles-
cent population after bone healing of lower limb fractures.
In a previous study, we demonstrated that there was a
significant reduction of the PA level among subjects with
lower limb fractures during cast immobilization [18].
Using total activity measurement, subjects with lower
limb fractures were considerably less active (-62.4%) than
healthy fracture-free controls [18]. This decrease in PA
was even more marked for time spent in activities of
moderate-to-vigorous intensity, since the average time
spent at this level of PA was 13.9 min for adolescents
with lower limb fractures [18]. Our study investigated
also the time spent in vigorous PA, which reflects high-
intensity forces beneficial to skeletal health, and demon-
strated an 84.4% decrease in adolescents with lower limb
fractures [18]. The significant reduction in high-intensity
forces applied to the skeleton brought thus a valid ex-
planation for disuse osteopenia noted in the same pa-
tients [17].
These results further our comprehension of recovery
from post-traumatic osteopenia. As mentioned previ-
ously, restoration of bone mineral mass in childhood
may occur upon reaching pubertal maturity[36,37] and,
above all, normal activity [38]. In fact, the patterns ofthe bone recovery in young patients appear probably to
be linked to a better pattern of functional recovery in
this patient population [25]. Our results seem confirm
this hypothesis, since there was a fast normalization of
the time spent in vigorous PA after cast removal, which
reflects high-intensity forces beneficial for bone mineral
accrual. Therefore, it can be concluded that restoring
the mechanical loading caused by PA can stimulate bone
formation and restore the bone mineral mass very rap-
idly after cast removal (personnal data submitted for
publication).
The present study revealed that adolescents with lower
limb fractures were less active and demonstrated a sig-
nificant decrease of time spent in moderate-to-vigorous
intensity activity at 18 month follow-up (51 min). Inter-
national guidelines recommending that school-age youth
should participate daily in at least 60 min of moderate-
to-vigorous intensity PA to prevent weight gain and to
increase bone mineral mass [39]. The reduction noted in
MVPA (-15% at 18 months follow-up) among patients
after a lower limb fracture seems to be definitive and
suggests thus a modification of lifestyle. The reduction
of PA in adolescents with fractures results in a decrease
of energy expenditure and our clinical experience has
shown that this decrease during the cast immobilization
period could be the starting point for children and ado-
lescents to become overweight. In this series, we noted
that adolescents with lower limb fractures developed a
significant increase of BMI at the end of the follow-up
compared to healthy controls. Unfortunately, as the study’s
Table 3 Characteristics and physical activity measures of teenagers with an 18-month past history of lower limb
fractures vs healthy controls
Injured teenagers Healthy controls p value*
(n = 20) (n = 20)
Age (y) 14.3 ± 1.7 14 ± 1.8 0.0764
Height (cm) 167.6 ± 12.7 162.8 ± 13.5 0.1239
Weight (kg) 60.6 ± 14.9 55.3 ± 13.4 0.0156*
BMI (kg.m-2) 21.2 ± 2.8 20.6 ± 3.1 0.0012*
Number of valid monitored days 7.2 +/- 2.8 8.5 +/- 2 0.1541
Daily duration of the physical activity monitoring (min) 736.7 ± 25.1 744.4 ± 27.8 0.3812
Total activity (counts.min-1.d-1) 531.1 ± 256.5 541 ± 216.5 0.4925
Sedentary activity (min/day) (%) 577.9 +/- 44.5 563.5 +/- 62.1 0.9058
78.5 75.7
Light activity (min/day) (%) 107.8 +/- 27.3 119 +/- 34.7 0.4776
14.6 16
Moderate (min/day) (%) 20.1 +/- 7.5 28.9 +/- 10.8 0.0086*
2.7 3.9
Vigorous activity (min/day) (%) 30.9 +/- 24.7 33.1 +/- 18.9 0.4631
4.2 4.5
Time spent in moderate to vigorous activity (min.day-1) 51 ± 28.9 62 ± 28.2 0.1024
The results are expressed as mean ± SD. *: statistically significant difference [please always place at foot of table].
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very important (> 50%), these findings are less robust
than those at 6 months follow-up and need to be inter-
preted with caution.
Other limitations should be considered when inter-
preting the findings of the present study. Firstly, there
are activities during which accelerometers have to be
removed (swimming) or do not accurately measure the
intensity of exercise (cycling). These “unmonitored” ac-
tivities may result in underestimations of PA. Neverthe-
less, Trost et al. stated that the children’s self-reported
periods of “unmonitored” activity added to the registered
accelerometer data led to no significant changes in cal-
culated activity levels [40]. Secondly, to obtain 10 days
of recordings, activity counts were averaged using a 1-
minute epoch in order to ensure that the accelerometer’s
memory capacity was not exceeded. This method of
averaging underestimates the teenager’s VPA because
such activity is rarely sustained for longer than 1 minute
[33]. Previous studies have demonstrated that VPA mayTable 4 Characteristics of missing data and lost of FU
Baseline data (frac
Participants nbr 50
Lost of FU 0
Drop-out rate among study’s participants 0%
Missing data 16
Rate of missing data 32%be substantially undervalued [24]. However, the under-
estimation of VPA is unlikely to be important in this
study, as we can hypothesize that it will be the same for
the different groups. Thirdly, we had to omit 31 cases
(26.5%) of the recordings from the analysis, because data
originated from obviously defective accelerometers (10
cases), or failure to reach the minimum number of days
required or the minimum number of minutes per day to
validate recordings (21 cases), whereas 15 teenagers
refused to wear the accelerometer (cf Table 4). Our fig-
ure of 26.5% exclusion (31 cases on 117 recordings) is
largely higher to data published by Pate et al. [41], who
reported a figure of 6.3% exclusion over a 7-day record-
ing period, but very close to the 25% exclusion rate over
a 3-day period reported by Riddoch.[33] The greatest
limitation when interpreting the findings of the present
study is due both, to the the high percentage of missing
data (26.5%) and to the high drop-out rate à 18 months
among study’s participants (60%). Finally, we did not
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prediction of PA. In fact, many European studies could
not find any associations of pubertal status with PA for
both genders. For this reason, the pubertal status was
not recorded and this omission was not considered as a
limitation of this study [42-44].
Accelerometer use in physical activity research has be-
come increasingly popular, but it is challenging among
teenagers and it is prone to problems with missing data,
which complicate the data reduction and analysis pro-
cess. Many studies have focused on the optimal approach
for obtaining high adherence and low levels of missin
data. Applying adherence-promoting strategies, such as
approaching the research participant as a partner, mak-
ing a personal connection with teachers, parents, and
coaches, using different reminder means (reminder stick-
ers, cell phone features), and above all providing an ad-
equate incentive payement may have a positive impact
on wearing the monitor and data qualities [41].
Conclusion
There are general challenges to the use of acceler-
ometers in teenagers, including noncompliance with
monitor wearing or even monitor loss; therefore, accel-
erometer use in PA assessment is prone to problems
with missing data, that may complicate data reduction
and results analysis. Therefore, future studies using
accelerometry to monitor PA should include adherence
enhancing strategies specially when dealing with teen-
agers. Nevertheless, PA measured by accelerometer
remains a valid tool to quantify the decrease of PA level
of adolescents with lower limb fractures during immo-
bilization, and to assess the recovery of PA level. As re-
covery of PA levels is known to induce bone mineral
accretion, this study provides important information to
estimate the restoration of skeletal loading in adoles-
cents with lower limb fracture. However, further re-
search is needed to establish the relationship between
the PA level and bone mineral acquisition during cast
immobilization and after bone healing. Finally, this study
brings a hypothetical explanation of the weight gain
observed in many children during the follow-up of lower
limb fractures.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
Dimitri Ceroni: participated in the design of the study, conceived and
coordinated the study, collected and treated the patients, performed the
CSA analysis, and drafted the manuscript. Xavier Martin: conceived the study,
participated in its coordination, collected the data, and performed the
statistical analysis. Léopold Lamah : collected and treated the patients and
drafted the manuscript. Cécile Delhumeau: performed the statistical analysis
and drafted the manuscript. Nathalie Farpour-Lambert: participated in the
design and conception of the study, and drafted the manuscript. Geraldo De
Coulon: collected and treated the patients and drafted the manuscript. VictorDubois-Ferrière: participated in the design, collected and treated the
patients, and drafted the manuscript. All authors read and approved the final
version of the manuscript.Acknowledgements
This work was supported by grants from the Swiss National Science
Foundation (SNSF #405340-104611); the funding source did not play any role
in the study design, collection, analysis, and interpretation of data, writing, or
submission of this report. We acknowledge also Rosemary Sudan for editorial
assistance.
Author details
1Pediatric Orthopedic Unit, Department of Child and Adolescent, University
of Geneva Children's Hospital and University of Geneva Faculty of Medicine,
6 Rue Willy Donzé, 1211 Geneva 14, Switzerland. 2Clinical Epidemiology
Service, Department of Child and Adolescent, University of Geneva Children's
Hospital and University of Geneva Faculty of Medicine, 6 Rue Willy Donzé,
1211 Geneva 14, Switzerland. 3Exercise Medicine, Pediatric Cardiology Unit,
Department of Child and Adolescent, University of Geneva Children's
Hospital and University of Geneva Faculty of Medicine, 6 Rue Willy Donzé,
1211 Geneva 14, Switzerland.
Received: 12 January 2012 Accepted: 25 July 2012
Published: 25 July 2012References
1. Obrant K: Management of fractures in severely osteoporotic bone:orthopaedic
and pharmacologic strategies. 1st edition. New-York: Springer; 2000.
2. Henderson RC, Kemp GJ, Campion ER: Residual bone-mineral density and
muscle strength after fractures of the tibia or femur in children. The
Journal of bone and joint surgery 1992, 74():211–218.
3. Slemenda CW, Miller JZ, Hui SL, Reister TK, Johnston CC Jr: Role of physical
activity in the development of skeletal mass in children. J Bone Miner Res
1991, 6(11):1227–1233.
4. Cassell C, Benedict M, Specker B: Bone mineral density in elite 7- to 9-yr-
old female gymnasts and swimmers. Med Sci Sports Exerc 1996, 28
(10):1243–1246.
5. Courteix D, Lespessailles E, Peres SL, Obert P, Germain P, Benhamou CL:
Effect of physical training on bone mineral density in prepubertal girls: a
comparative study between impact-loading and non-impact-loading
sports. Osteoporos Int 1998, 8(2):152–158.
6. Khan KM, Bennell KL, Hopper JL, Flicker L, Nowson CA, Sherwin AJ, Crichton
KJ, Harcourt PR, Wark JD: Self-reported ballet classes undertaken at age
10-12 years and hip bone mineral density in later life. Osteoporos Int
1998, 8(2):165–173.
7. Fuchs RK, Snow CM: Gains in hip bone mass from high-impact training
are maintained: a randomized controlled trial in children. J Pediatr 2002,
141(3):357–362.
8. MacKelvie KJ, Khan KM, Petit MA, Janssen PA, McKay HA: A school-based
exercise intervention elicits substantial bone health benefits: a 2-year
randomized controlled trial in girls. Pediatrics 2003, 112(6 Pt 1):e447.
9. MacKelvie KJ, McKay HA, Petit MA, Moran O, Khan KM: Bone mineral
response to a 7-month randomized controlled, school-based jumping
intervention in 121 prepubertal boys: associations with ethnicity and
body mass index. J Bone Miner Res 2002, 17(5):834–844.
10. Bailey DA, Martin AD, McKay HA, Whiting S, Mirwald R: Calcium accretion
in girls and boys during puberty: a longitudinal analysis. J Bone Miner Res
2000, 15(11):2245–2250.
11. Morris FL, Naughton GA, Gibbs JL, Carlson JS, Wark JD: Prospective ten-
month exercise intervention in premenarcheal girls: positive effects on
bone and lean mass. J Bone Miner Res 1997, 12(9):1453–1462.
12. Kohrt WM, Bloomfield SA, Little KD, Nelson ME, Yingling VR: American
College of Sports Medicine Position Stand: physical activity and bone
health. Med Sci Sports Exerc 2004, 36(11):1985–1996.
13. Vico L, Collet P, Guignandon A, Lafage-Proust MH, Thomas T, Rehaillia M,
Alexandre C: Effects of long-term microgravity exposure on cancellous
and cortical weight-bearing bones of cosmonauts. Lancet 2000,
355(9215):1607–1611.
14. Frey-Rindova P, de Bruin ED, Stussi E, Dambacher MA, Dietz V: Bone
mineral density in upper and lower extremities during 12 months after
Ceroni et al. BMC Musculoskeletal Disorders 2012, 13:131 Page 8 of 8
http://www.biomedcentral.com/1471-2474/13/131spinal cord injury measured by peripheral quantitative computed
tomography. Spinal Cord 2000, 38(1):26–32.
15. Leblanc AD, Schneider VS, Evans HJ, Engelbretson DA, Krebs JM: Bone
mineral loss and recovery after 17 weeks of bed rest. J Bone Miner Res
1990, 5(8):843–850.
16. Holick M, Dawson-Hughes B: Nutrition and bone health. Totowa, New Jersey:
Humana Press Inc; 2004.
17. Ceroni D, Martin X, Delhumeau C, Rizzoli R, Kaelin A, Farpour-Lambert N:
Effects of cast-mediated immobilization on bone mineral mass at
various sites in adolescents with lower-extremity fracture. The Journal of
bone and joint surgery 2012, 94(3):208–216.
18. Ceroni D, Martin X, Delhumeau C, Farpour-Lambert N: Decrease of physical
activity level in adolescents with limb fractures: an accelerometry-based
activity monitor study. BMC Musculoskelet Disord 2011, 12(1):87.
19. University of Washington DoR: Muskuloskeletal radiology, osteopenia.
http://www.rad.washington.edu/academics/academic-sections/msk/
teaching-materials/online-musculoskeletal-radiology-book/osteopenia.
20. Finsen V, Haave O: Changes in bone-mass after tibial shaft fracture. Acta
Orthop Scand 1987, 58(4):369–371.
21. Kannus P, Jarvinen M, Sievanen H, Oja P, Vuori I: Osteoporosis in men with
a history of tibial fracture. J Bone Miner Res 1994, 9(3):423–429.
22. Karlsson MK, Nilsson BE, Obrant KJ: Bone mineral loss after lower
extremity trauma. 62 cases followed for 15–38 years. Acta Orthop Scand
1993, 64(3):362–364.
23. Eyres KS, Kanis JA: Bone loss after tibial fracture. Evaluated by
dual-energy X-ray absorptiometry. J Bone Joint Surg Br 1995,
77(3):473–478.
24. Nilsson AEU, Yngve A, Sjöström M: Assessing physical activity among
children with accelerometers using different time sampling intervals and
placements. Pediatr Exerc Sci 2002, 14:87–96.
25. Ceroni D, Martin XE, Farpour-Lambert NJ, Delhumeau C, Kaelin A:
Assessment of muscular performance in teenagers after a lower
extremity fracture. J Pediatr Orthop 2010, 30(8):807–812.
26. Brage S, Wedderkopp N, Ekelund U, Franks PW, Wareham NJ, Andersen LB,
Froberg K: Features of the metabolic syndrome are associated with
objectively measured physical activity and fitness in Danish children: the
European Youth Heart Study (EYHS). Diabetes Care 2004, 27(9):2141–2148.
27. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE,
Pratt M, Ekelund U, Yngve A, Sallis JF, et al: International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc
2003, 35(8):1381–1395.
28. Ekelund U, Sardinha LB, Anderssen SA, Harro M, Franks PW, Brage S, Cooper
AR, Andersen LB, Riddoch C, Froberg K: Associations between objectively
assessed physical activity and indicators of body fatness in 9- to
10-y-old European children: a population-based study from 4 distinct
regions in Europe (the European Youth Heart Study). Am J Clin Nutr 2004,
80(3):584–590.
29. Schmidt MD, Freedson PS, Chasan-Taber L: Estimating physical activity
using the CSA accelerometer and a physical activity log. Med Sci Sports
Exerc 2003, 35(9):1605–1611.
30. Treuth MS, Sherwood NE, Butte NF, McClanahan B, Obarzanek E, Zhou A,
Ayers C, Adolph A, Jordan J, Jacobs DR, et al: Validity and reliability of
activity measures in African-American girls for GEMS. Med Sci Sports Exerc
2003, 35(3):532–539.
31. Brage S, Wedderkopp N, Ekelund U, Franks PW, Wareham NJ, Andersen LB,
Froberg K: Objectively measured physical activity correlates with indices
of insulin resistance in Danish children. The European Youth Heart Study
(EYHS). Int J Obes Relat Metab Disord 2004, 28(11):1503–1508.
32. Ekelund U, Aman J, Westerterp K: Is the ArteACC index a valid indicator of
free-living physical activity in adolescents? Obes Res 2003, 11(6):793–801.
33. Riddoch CJ, Bo Andersen L, Wedderkopp N, Harro M, Klasson-Heggebo L,
Sardinha LB, Cooper AR, Ekelund U: Physical activity levels and patterns of
9- and 15-yr-old European children. Med Sci Sports Exerc 2004, 36(1):86–92.
34. Hayden-Wade HA, Coleman KJ, Sallis JF, Armstrong C: Validation of the
telephone and in-person interview versions of the 7-day PAR. Med Sci
Sports Exerc 2003, 35(5):801–809.
35. NASPE NAfSPE (Ed): Physical Activity for Children: A Statement of Guidelines
for Children. 2nd edition.; :5–12.
36. Ferrari SL, Chevalley T, Bonjour JP, Rizzoli R: Childhood fractures are
associated with decreased bone mass gain during puberty: an early
marker of persistent bone fragility? J Bone Miner Res 2006, 21(4):501–507.37. Jones IE, Williams SM, Dow N, Goulding A: How many children remain
fracture-free during growth? a longitudinal study of children and
adolescents participating in the Dunedin Multidisciplinary Health and
Development Study. Osteoporos Int 2002, 13(12):990–995.
38. Giangregorio L, Blimkie CJ: Skeletal adaptations to alterations in
weight-bearing activity: a comparison of models of disuse osteoporosis.
Sports Med 2002, 32(7):459–476.
39. Strong WB, Malina RM, Blimkie CJR, Daniels SR, Dishman RK, Gutin B,
Hergenroeder AC, Must A, Nixon PA, Pivarnik JM, et al: Evidence Based
Physical Activity for School-age Youth. J Pediatr 2005, 146(6):732–737.
40. Trost SG, Pate RR, Sallis JF, Freedson PS, Taylor WC, Dowda M, Sirard J: Age
and gender differences in objectively measured physical activity in
youth. Med Sci Sports Exerc 2002, 34(2):350–355.
41. Pate RR, Freedson PS, Sallis JF, Taylor WC, Sirard J, Trost SG, Dowda M:
Compliance with physical activity guidelines: prevalence in a population
of children and youth. Ann Epidemiol 2002, 12(5):303–308.
42. Knowles AMNA, Fawkner SG, Henretty JM: A longitudinal examination of
the influence of maturation on physical self-perceptions and the
relationship with physical activity in early adolescent girls. J Adolesc 2009,
32(3):555–566.
43. Niven AG FS, Knowles AM, Stephenson C: Maturational differences in
physical self- perceptions and the relationship with physical activity in
early adolescent girls. Pediatr Exerc Scxi 2007, 19(4):472–480.
44. Ruiz JR, Labayen I, Ortega FB, Legry V, Moreno LA, Dallongeville J,
Martinez-Gomez D, Bokor S, Manios Y, Ciarapica D, et al: Attenuation of the
effect of the FTO rs9939609 polymorphism on total and central body fat
by physical activity in adolescents: the HELENA study. Arch Pediatr
Adolesc Med 2011, 164(4):328–333.
doi:10.1186/1471-2474-13-131
Cite this article as: Ceroni et al.: Recovery of physical activity levels in
adolescents after lower limb fractures: a longitudinal, accelerometry-
based activity monitor study. BMC Musculoskeletal Disorders 2012 13:131.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
